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ABSTRACT – Patients with Down syndrome are now living longer and the
overall prevalence of epilepsy is increasing, however, full characterisation
of epilepsy in adult age is still incomplete. We describe the electrocli-
nical characteristics of epilepsy in 22 adult patients with Down syndrome
(11 males, 11 females), with a mean age of 46 years (range: 28-64 years),
followed at the Epilepsy Centre, San Paolo Hospital in Milan. Mean age at
epilepsy onset was 36.8 years (range: 6-60 years). Nine out of 22 patients
had focal epilepsy, while nine had late-onset myoclonic epilepsy. In four
patients, epilepsy was unclassiﬁed. The EEG pattern of our patients was
characterised by a progressive slowing of the background activity with
sharp-and-slowwaveswith frontalpredominance. In thepatientsdiagnosed
with late-onset myoclonic epilepsy, the EEGs showed generalised polyspike
waves. Three subjects had an episode of myoclonic status epilepticus at the
beginningor in thecourseof thedisorder. After theﬁrst descriptionsof late-
onset myoclonic epilepsy by Genton and Paglia (1994), this is one of the
largest patient cohorts reported. Our data conﬁrm that epilepsy in adult
nts peculiar electroclinical characte-
early as prompt, effective treatment
eo sequences]
ilepsy, late-onsetmyoclonic epilepsy
(Smigielska-Kuzia et al., 2009; Arya
et al., 2011).
In DS, a bimodal distribution ofpatients with Down syndrome prese
ristics which should be recognized
may be beneﬁcial. [Published with vid
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with a frequency rate of about 1
in 700 births (Sherman et al., 2007).
The prevalence of epilepsy in sub-
jects with DS is reported to range
from 1% to 13%, higher than in the
general population but lower than
in patients with mental retardation
seizure onset has been described:
the ﬁrst peak of incidence during
early childhood and the second in
middle age (Moller et al., 2001). The
prevalence of epilepsy in patients
with DS has also been reported to
increase with age, with a prevalence
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f 46% in subjects over 50 years of age (Mc Vicker
t al., 1994). Since life expectancy for subjects with
S has increased in the last decades, a larger overall
roportion of them now have epilepsy.
eculiar electroclinical patterns and epileptic syn-
romes have been recorded in adult patients with DS:
ocal epilepsies, reﬂex seizures (auditory stimulus) and
yoclonic epilepsy associated with dementia (Genton
nd Paglia, 1994), deﬁned as “Late-onset myoclonic
pilepsy in Down syndrome” (LOMEDS) (Moller
t al., 2001). The electroclinical features of LOMEDS
re massive myoclonic jerks on awakening and
eneralised tonic-clonic seizures, with generalised
olyspikes/spikes and waves on EEG and progressive
ementia, usually preceding epilepsy onset (Crespel
t al., 2007; Menéndez, 2005). Recently, Ferlazzo et al.
escribed a group of DS patients with a peculiar type
f Lennox-Gastaut syndrome, characterised by late
nset and high incidence of reﬂex seizures (Ferlazzo
t al., 2009).
n this study, we examined the electroclinical ﬁndings,
pilepsy characteristics, relationship between seizure
nset and cognitive decline and response of seizures
o drug therapy in a cohort of patients with DS, evalu-
ted over a 14-year period at a single regional centre.
he accompanying video documents seizure semio-
ogy in two patients.
atients and methods
e retrospectively analysed all patients diagnosed
ith DS and epilepsy, aged more than 18 years,
ollowed at our Centre between January 1995 and
ecember 2009. The clinical diagnosis of DS based
n typical somatic features was conﬁrmed by cytoge-
etic analysis. Seizures were categorised according to
he proposed classiﬁcation of epileptic seizures and
pilepsy by the Commission on Classiﬁcation and Ter-
inology of the ILAE, 2001 (Engel, 2001).
atients were seen at least twice a year, with video-EEG
olygraphic recording and neurological examination.
ideo-EEG polygraphic recordings were performed
uring wakefulness using a digital EEG System
Micromed, Treviso). Scalp electrodes were posi-
ioned according to the international 10/20 system
ith EMG electrodes for deltoid muscles. Neuro-
adiological and neuropsychological ﬁndings were
ecorded when available. The presence and charac-26
eristics of cognitive deterioration and behavioural
roblems were screened through parental/caregiver
nterview, focusing on the description of different
ehavioural patterns, including frequency and rela-
ionship with seizure onset. At the onset of cognitive
eterioration, the patients were screened for other
edical conditions which could cause such decline
M
r
w
p
o
N
1e.g. thyroid dysfunction, metabolic disorders).
he information for each patient was tabulated with
emographic data and full details of epilepsy diagno-
is, age at seizure onset, seizure type and frequency,
nd parental/caregiver interviews were included,
ogether with antiepileptic drugs used and response
o treatment. Data obtained from video-EEG record-
ngs, brain MRI or CT scans, and neuropsychological
ndings were also included.
esults
e identiﬁed22adultpatientswithepilepsyandDS (11
ales, 11 females) with a mean age of 46 years (range:
8-64 years). Complete evaluation of the patients
as not possible, as two were lost at follow-up and
wo died.
he mean age at epilepsy onset was 36.8 years (range:
-60 years). According to the proposed ILAE classiﬁ-
ation (2001), 12 patients had generalised tonic-clonic
eizures, seven had focal seizures, and two had tonic
eizures, in one of them the tonic seizures were trig-
ered by sudden noise (reﬂex seizures). Nine patients
ad myoclonic seizures, predominantly involving the
pper limbs, often occurring after awakening. Of
hose who had myoclonic seizures, one patient had
yelid myoclonia (see video sequence 1; ﬁgure 1).
f the threepatientswhohadmyoclonic status epilep-
icus, the status occurred at epilepsy onset in two
atients. In both of these subjects myoclonic status
pilepticus was easily controlled with i.v. valproate.
ine of 22 patients had focal seizures and a tempo-
al origin was identiﬁed in some patients. Nine were
lassiﬁed as LOMEDS and in four patients the epilepsy
as unclassiﬁed. The mean age at epilepsy onset in
atients with LOMEDS was 50.2 years and in most of
hem cognitive decline preceded any obvious seizure
nset by about 6-18 months (5/9 subjects) or occurred
t seizure onset (4/9 subjects).
n most subjects, cognitive deterioration was too
apid for neuropsychological testing. When cognitive
valuation could be performed, the presence of mem-
ry deﬁcits, spatial-temporal disorientation and verbal
uency impairment was detected. Parents and/or care-
ivers also reported loss of previously achieved daily
bilities, mental slowing, behavioural disturbances
uch as irritability, and increased stereotyped move-
ents.Epileptic Disord, Vol. 13, No. 2, June 2011
ost of our patients were treated using monothe-
apy: eight with valproate, ﬁve with levetiracetam, one
ith phenobarbital, one with primidone and one with
henytoin. Five patients were on polytherapy because
f drug resistance.
euroimaging (CTscanand/orMRI)wasperformed for
9 of 22 patients. Brain atrophywas found in seven sub-
EDown syndrome and epilepsy in adults
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igure 1. Diffuse polyspike waves related to eyelid myoclonia.
ects, associatedwith hydrocephalus in four, ischaemic
esions in one and an arachnoidal cyst in another. Basal
anglia calciﬁcations were detected in three subjects.
n eight patients the result was unremarkable.
n all patients, EEGs showed a slow and poorly orga-
ised background activity. This pattern is recognised
obe typical of subjectswithDS.Weobservedprogres-
ive slowing of the dominant background activity with
ncreasing age. Theta activity was predominant over
ronto-temporal regions in most patients (ﬁgure 2).
n all except one patient with LOMEDS, bilateral
olyspike-wave discharges were recorded (ﬁgure 3),
ostly associated with myoclonic jerks in upper limbs
see video sequences 2 and 3; ﬁgure 4). The main clini-
al, EEG and neuroradiological ﬁndings of the patients
re described in table 1.
iscussion
n recentdecades, peoplewithDShave lived for longer
nd this may be ascribed to improvements in medi-
al care (Glasson et al., 2002). For this reason, clinical
omplications in adult patients with DS are becoming
uch more frequent.pileptic Disord, Vol. 13, No. 2, June 2011
n our sample of adult patients with DS, two main
roups of epilepsy syndromes were identiﬁed: focal
pilepsy, with a prevalent onset in adolescence or
oung adulthood, and LOMEDS, with a typical onset
fter the ﬁfth decade (in ﬁve patients the onset
as in the ﬁfth decade and in four in the sixth
ecade). Regarding the patients with DS and focal
p
c
o
r
d
a
ipilepsy, themeanageof epilepsyonsetwas 25.7 years.
n all except two, epilepsy onset occurred at a young
ge. In this group of patients, epilepsy was some-
imes drug-resistant and continued lifelong without
ny clear cognitive decline. No particular neuroradi-
logical picture was evident in this group of patients.
ecently, Ferlazzo et al. (2009) described a peculiar pre-
entation of Lennox-Gastaut syndrome in DS. In our
ample, two patients had tonic seizures, but none of
hem were diagnosed with Lennox-Gastaut syndrome
ince the complete syndromic features, includingmul-
iple seizure types, characteristic EEG pattern and
ehavioural disturbances, were not evident.
ince the ﬁrst description of LOMEDS, characterised
y myoclonic epilepsy associated with dementia with
nset during or after the ﬁfth decade in DS (Genton
nd Paglia, 1994), few patients with this peculiar syn-
rome have been described in small case series
Moller et al., 2001; De Simone et al., 2006; Larner,
007; Genton, 2007; Crespel et al., 2007). In our group
f adult patients with DS and epilepsy, nine subjects
ere shown to fulﬁll the criteria for the diagnosis of
OMEDS, which represents, to our knowledge, the
argest reported cohort of patients to date.
ith regard to the clinical characteristics of these127
atients, we observed that the cognitive decline pre-
eded any obvious seizure onset by about 6-18months
r occurred at seizure onset in most cases. As already
eported (Deb et al., 2007), the early symptoms of
ementia in DS patients may be difﬁcult to recognize
nd the caregivers often have a crucial role in detect-
ng the primary behavioural changes presented in the
128 Epileptic Disord, Vol. 13, No. 2, June 2011
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Figure 2. Slow background activity with sharp-and-slow waves with frontal predominance.
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igure 3. Diffuse slow activity with generalised polyspike waves30
atients. It is noteworthy that the most frequent signs
f dementia reported by the caregivers in our sam-
le were loss of previously achieved daily abilities,
ental slowing, and behavioural disturbance such as
rritability and increased stereotyped movements. The
linicians should regard suchearly symptomswith sus-
icion and ask for further investigations with video
p
l
T
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I
natient with LOMEDS.Epileptic Disord, Vol. 13, No. 2, June 2011
olygraphic EEG recording and neuroradiological eva-
uation in order to diagnose LOMEDS.
he electroclinical pattern of LOMEDS was found in
ll patients and was characterised by slow background
ctivity and diffuse spike waves or polyspike waves.
n a few cases, it was possible to record myoclo-
ias, mainly involving upper limbs. Neuroradiological
EDown syndrome and epilepsy in adults
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Legends for video sequences
Video sequence 1
Video-EEG recording (EEG is not presented)
obtained after a generalised tonic-clonic seizure in
a patient aged 39 years. Several eyelid myoclonia
were recorded lasting3-4 seconds, related todiffuse
polyspike waves.
Video sequence 2
Video-EEG recording of a 45-year-old patient pre-
senting recurring myoclonic jerks involving both
R
A
s
C
eigure 4. Myoclonic seizure induced by intermittent light stimul
nvestigations in patients with LOMEDS showed only
erebral atrophy, probably related to senility. As pre-
iously reported (De Simone et al., 2006) and also in
ur experience, antiepileptic treatment with valproate
r levetiracetam can promptly control myoclonic and
eneralised tonic-clonic seizures in these patients.
t is well known that the clinical picture of cognitive
ecline in DS is very similar to that of dementia in
lassic Alzheimer disease, although onset is earlier in
S. Neurophysiological analysis of myoclonus in DS
howed the same characteristics present in Alzheimer
isease (Wilkins et al., 1984), as did the neuropatholo-
ical examination performed in a few cases. However,
he incidence of epileptic seizures and myoclonus in
S patients is about eight times greater than that in
lzheimer patients (Evenhuis, 1990).
t is important to recognize the speciﬁc electroclinical
atternof LOMEDS inorder to start early treatmentand
chieve aprompt control of the seizuredisorderwhich
ay avoid further cognitive decline. Since myoclonic
eizures may involve not only the upper limbs but also
ifferent parts of the body, as demonstrated in our
atients with eyelids myoclonias, the full characterisa-
ion of these patients reported here should extend thepileptic Disord, Vol. 13, No. 2, June 2011
escription of clinical presentation and EEG pattern of
pilepsy in adult patients with DS. 
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Video sequence 3
The same patient showed myoclonias induced by
intermittent light stimulation.
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